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Model Disretization Numerial Results
General introdution
Greenhouse gas emissions ⇒ Global warming
CO
2
injetion ⇒ reservoir overpressure ⇒ aprok damage or
fault reativation ?
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3D → Rutqvist et al.
◮
ToughReat - FLAC
3D → Taron et al.
◮
Modied CODE_BRIGHT → Vilarrasa et al.
◮
ATH2VIS → Mainguy et al.
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Model Disretization Numerial Results
Geohydrologial system
◮































porous media intrinse permeability, k
r,γ relative permeability
µγ dynami visosity, pγ pressure
◮
Hydrauli relations → Van-Genuhten80, Mualem76
Thermodynami equilibrium → Spyher&Pruess05
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∇ · σ + ρge
z
= 0
σ total stress tensor, ρ average density
◮
Eetive stress onept
σ = σ′ − bpI












E Young's modulus, ν Poisson's ratio, u displaement
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Model Disretization Numeri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Coupling onditions
◮


















Biot's law → Biot41
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Model Disretization Numerial Results
Tough2 and Code_Aster disretization
Tough2 → Lawrene Berkeley National Laboratory
◮
Multi-phase uid and heat ow in porous and fratured media
◮
Finite volume with nite dierene evaluation of the ux term





Code_Aster → EDF (Frenh Eletriity Compagny)
◮
Non-linear models of mehanial phenomena
◮
Finite element
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Model Disretization Numerial Results
Transfer operator T
FV→FE for pressure eld
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Transfer operator T
FV→FE for pressure 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Model Disretization Numeri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Transfer operator T
FE→FV for porosity eld






















∗ ∗ ∗ ∗























Pierre Sohala - BRGM 9/16
Model Disretization Numerial Results
Time oupling
Conventional Parralel Staggered algorithm → Piperno et al 95










• • • •
ϕn−2 ϕn−1 ϕn
Code_Aster










1, 3 : T
FV→FE(p)
1
′, 3′ : T
FE→FV(ϕ)
Pierre Sohala - BRGM 10/16





injetion by horizontal well in deep aquifer
◮
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injetion by horizontal well in deep aquifer
◮
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Model Disretization Numerial Results
Overpressure (Pa)
t=1 year
Initial ase Perturbated ase
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Overpressure (Pa)
t=2 years
Initial ase Perturbated ase
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Overpressure (Pa)
t=3 years
Initial ase Perturbated ase
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Model Dis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Overpressure (Pa)
t=4 years
Initial ase Perturbated ase
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Model Disretization Numerial Results
Overpressure (Pa)
t=5 years
Initial ase Perturbated ase
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Model Disretization Numerial Results
Overpressure in the aquifer (Pa)










-40000 -30000 -20000 -10000  0  10000  20000  30000  40000
x (m)
Inrease of 40% of the overpressure at 5 years
Pierre Sohala - BRGM 13/16
Model Disretization Numerial Results
Horizontal eetive stress hange due to injetion (Pa)
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More hange in eetive stress
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Initial ase Perturbated ase










Displaement at the opposite side of the fault
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Model Disretization Numerial Results
Conlusion
◮
robust method to transfer elds between dierent meshes
◮
eient parallel time oupling algorithm
◮
signiant inrease of the overpressure due to the impermeable fault
Further work
◮
tensile and shear stress failure riteria → sustainable pressure
◮
non-linear onstitutive law of the geologial formation
◮
more realisti geometry
Pierre Sohala - BRGM 16/16
